







































































































































































































































































































































































































































































































































































































































































































































































































































































































































N	 0.02	 10.2	 1.6	±	1.9	 35	
(3.16	±	0.54)	
x10-3	 14	±	0.1	
P	 0.01	 8.9	 1.2	±	2.5	 18	
(46.39	±	8.60)	
x10-3	 0.11	±	0.07	

































































































































































































































































































































































































































































































































































































N 1.6 ± 1.9 35 0.14 ± 0.10 6.75 ± 3.2 855.3 ± 43.1 
P 0.24 ± 0.29 14 0.11 ± 0.07 0.36 ± 0.1 39.9 ± 1.9 
Si 3.9 ± 5.0 25 7.05 ± 2.68 8.12 ± 1.0 77.5 ± 8.1 
Cyanocobalamin (1.1 ± 2.46) x10-6 13 not available 3.69 x10















Nutrient treatment 11.1% 0.046* 9.6% 0.087 
Viral induced decline 13.2% 0.016* 3.9% 0.597 
Host growth stage 16.6% 0.006* 7.5% 0.193 






































































































































































































































































































































































High nutrient Low nutrient ttest, p-value 
Early exponential 10±6 8±9 0.001* 
Post virus 7±5 7±5 0.884 
















Nutrient treatment 10.9% 0.035* 9.5% 0.110 
Viral induced decline 12.8% 0.016* 7.5% 0.613 
Host growth stage 16.2% 0.005* 4.1% 0.183 











































































































































































































































































































































































































































































































































































































































































































































































































































Phosphorous	 0.24	±	0.29	 18	 (46.29	±	8.60)	x	
10-3	
36.2	















































































Chaetoceros sp. KBDT20 * *** *** ***
Chaetoceros sp. KBDT32 * * *** *** *** *** *** ***
Amphiprora sp. KBDT35 ** *** *** * *
Chaetoceros sp. KBDT20 *** ** ** ** ** **
Chaetoceros sp. KBDT32 * * * * *
Amphiprora sp. KBDT35 ** *** ** *** *** *  *** ***
Chaetoceros sp. KBDT20 * ** *
Chaetoceros sp. KBDT32 *** *** *** *** *** *** *** *** ***
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Each error bar is constructed using 1 standard error from the mean.
Graph Builder
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Diatom (control)
Free bacteria (control)
Each error bar is constructed using 1 standard error from the mean.
Graph Builder
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Each error bar is constructed using 1 standard error from the mean.
Graph Builder
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Each error bar is constructed using 1 standard error from the mean.
Chaetoceros  sp. KBDT20





























































































































































































































































































































































































































































































































































































































































































































































































































T1 e01 777 0.88 57 26	±	6 29	±	10 299	±	13 213	±	91
T2 j19 1025 0.83 123 31	±	11	 40	±	13 298	±	15 222	±	84
T3 o16 889 0.87 62 33	±	7 33	±	8 299	±	13 222	±	90
T4 co5 807 0.83 95 30	±	9 37	±	12 299	±	12 228	±	84
T5 c17 828 0.64 215 47	±	11 47	±	11 299	±	12 229	±	81
T6 g13 1019 0.61 293 48	±	9 48	±	9 299	±	13 227	±	80
A1 ALOHA	10m 0.78 0.00 0.78 49	±	10 49	±	10 955	±	151 955	±	151
A2 ALOHA	70m 1.10 0.00 1.10 49	±	9 49	±	9 985	±	211 985	±	211
A3 ALOHA	130m 0.68 0.00 0.68 53	±	12 53	±	12 896	±	216 896	±	216
A4 ALOHA	200m 0.83 0.00 0.83 51	±	10 51	±	10 946	±	150 946	±	150
N1 S_35162 7.5 0.18 5.8 53	±	13 54	±	12 212	±	64 223	±	54
N2 S_35163 28.3 0.09 23.5 49	±	14 50	±	14 228	±	60 242	±	41
N3 S_35171 6.1 0.06 5.3 43	±	13 43	±	13 235	±	57 247	±	41
N4 S_35179 22.7 0.07 19.3 44	±	14 45	±	14 229	±	60 242	±	42
 133	
Sample Bacteria Diatom	 Group
Est.	%	
Bac	






(Propionibacterium) antarctica 1 11.8 66.3 33.6 0.1 52.1 14.3
T2
Bosea,	Phyllobacterium,	




(Propionibacterium)	 antarctica 1 14.7 85.3 9.6 5.1 84.3 1.0
T4 Arthrobacter	(4)	(Lactococcus) punctigera 2 14.7 30.5 69.4 0.1 19.5 10.9
T5 Arthrobacter(4) punctigera 2 11.8 45.2 54.7 0.1 14.5 33.2
T6 Arthrobacter,	Perebacter punctigera 2 6 10.4 89.2 0.3 7.3 3.1
ALOHA -- -- -- -- 90.0±1.8 4.4±0.5 5.7±1.7 83.0±2.0 6.9±2.6
North	











































n R2 p n R2 p n R2 p
Plastic 11	±	0 0.60 0.001* 52	±	1 0.43 0.001* 		6	±	0 0.52 0.001*
HOT 11	±	0 0.58 0.001* 50	±	1 0.43 0.001* 6	±	0 0.55 0.001*
North	Pacific 9	±	2 0.39 0.018* 45	±	4 0.27 0.009* 6	±	0 0.36 0.02*
ALOHA 8	±	1 0.36 0.018* 40	±	2 0.30 0.008* 3	±	2 0.35 0.015*













Thalassiosira 6	±	3 -- -- 21	±	13 -- -- 6	±	3 -- --














































































































































































































































































































































































































































































































































































subunit	M2	[EC:1.17.4.1] 1E-06 0 6E-05 8E-05 3E-06
02010	ABC	transporters cmpD;	bicarbonate	transport	system	ATP-binding	
protein	[EC:3.6.3.-] 4E-06 0 0.0007 0.0006 7E-06
gspJ;	general	secretion	pathway	protein	J 3E-06 2E-06 2E-05 0 3E-06
gspL;	general	secretion	pathway	protein	L 3E-06 1E-06 0 0 3E-06
mdtB;	RND	superfamily,	multidrug	transport	
protein	MdtB 1E-06 4E-07 0 0 1E-06
rcsC;	two-component	system,	NarL	family,	
capsular	synthesis	sensor	histidine	kinase	RcsC	





C 0 0 0.0003 0.0002 4E-06
Translation
03010	Ribosome RP-L35,	rpmI;	large	subunit	ribosomal	protein	L35 6E-05 0.0002 0.0003 0 2E-05
05110	Vibrio	cholerae	




like	sigma	factor 0.0007 0.0007 3E-05 0 8E-06
05120	Epithelial	cell	
signaling	in	Helicobacter	
pylori	infection K08303;	putative	protease	[EC:3.4.-.-] 0.0003 2E-05 9E-06 0 1E-06
05150	Staphylococcus	
aureus	infection dltD;	D-alanine	transfer	protein 0 0 0 0 3E-06
E2.4.2.14,	purF;	amidophosphoribosyltransferase	
[EC:2.4.2.14] 0 0 0.0016 0.0014 1E-05




dehydratase	[EC:4.2.1.109] 2E-05 5E-06 9E-06 0 1E-06
E2.3.3.14;	homocitrate	synthase	[EC:2.3.3.14] 0.0001 3E-05 9E-06 0 1E-06
dat;	D-alanine	transaminase	[EC:2.6.1.21] 0.0002 0.0001 0.0001 0 4E-06
E4.1.1.18,	ldcC,	cadA;	lysine	decarboxylase	
[EC:4.1.1.18] 1E-05 0.0006 0 8E-05 1E-06
E4.1.1.19A,	adi;	arginine	decarboxylase	
[EC:4.1.1.19] 4E-05 2E-06 0 0 1E-06
nos;	nitric-oxide	synthase,	bacterial	
[EC:1.14.13.39] 2E-05 4E-06 7E-05 0 1E-06
00340	Histidine	
metabolism E2.1.1.-;		[EC:2.1.1.-] 0 0 0.0002 0.0004 0.0003
00350	Tyrosine	
metabolism FAHD1;	acylpyruvate	hydrolase	[EC:3.7.1.5] 5E-07 2E-06 2E-05 0 1E-06
00360	Phenylalanine	
metabolism E6.2.1.12;	4-coumarate--CoA	ligase	[EC:6.2.1.12] 4E-06 2E-06 0 0 5E-06
00052	Galactose	
metabolism gal;	D-galactose	1-dehydrogenase	[EC:1.1.1.48] 3E-05 2E-07 2E-05 0 1E-06
00053	Ascorbate	and	




[EC:2.7.1.106] 0 0 9E-06 0.0002 1E-06
00660	C5-Branched	dibasic	















































































































































































































































































































































































































































































































































Pathway Function T1 T2 T3 T4 T5 T6 Ave	T Ave	P AveH AveN AveA T<P T<H T<N T<A
clpP,	CLPP;	ATP-dependent	Clp	protease,	
protease	subunit	[EC:3.4.21.92] 0 0 0 0 0 0 0 0 0 0 0
dnaB;	replicative	DNA	helicase	
[EC:3.6.4.12] 0 0 0 0 0 0 0 0 0 0 0
ftsZ;	cell	division	protein	FtsZ
0 0 0 0 0 0 0 0 0 0 0
lon;	ATP-dependent	Lon	protease	
[EC:3.4.21.53] 0 0 0 0 0 0 0 0 0 0 0
04113	Meiosis	-	yeast E4.6.1.1;	adenylate	cyclase	[EC:4.6.1.1]




reductase	subunit	M2	[EC:1.17.4.1] 0 0 0 0 0 0 0 0 0 0 0
E2.7.1.36,	MVK,	mvaK1;	mevalonate	
kinase	[EC:2.7.1.36] 0 0 0 0 0 0 0 0 0 0 0
E3.6.1.22,	NUDT12,	nudC;	NAD+	
diphosphatase	[EC:3.6.1.22] 0 0 0 0 0 0 0 0 0 0 0
IDH1,	IDH2,	icd;	isocitrate	dehydrogenase	
[EC:1.1.1.42] 0 0 0 0 0 0 0 0 0 0 0
SOD2;	superoxide	dismutase,	Fe-Mn	






























































































































































































































































































































































Pathway Function T1 T2 T3 T4 T5 T6 Ave	T Ave	P AveH AveN AveA T<P T<H T<N T<A
ABC.FEV.S;	iron	complex	transport	system	
substrate-binding	protein 0 0 0 0 0 0 0 0 0 0 0
ABC.PE.A;	peptide/nickel	transport	system	
ATP-binding	protein 0 0 0 0 0 0 0 0 0 0 0
cbiO;	cobalt/nickel	transport	system	ATP-
binding	protein 0 0 0 0 0 0 0 0 0 0 0
cmpD;	bicarbonate	transport	system	ATP-
binding	protein	[EC:3.6.3.-] 0 0 0 0 0 0 0 0 0 0 0
msbA;	ATP-binding	cassette,	subfamily	B,	




0 0 0 0 0 0 0 0 0 0 0
narG;	nitrate	reductase	1,	alpha	subunit	
[EC:1.7.99.4] 0 0 0 0 0 0 0 0 0 0 0
rcsC;	two-component	system,	NarL	family,	
capsular	synthesis	sensor	histidine	kinase	 0 0 0 0 0 0 0 0 0 0 0
ENO,	eno;	enolase	[EC:4.2.1.11]
0 0 0 0 0 0 0 0 0 0 0
PDHB,	pdhB;	pyruvate	dehydrogenase	E1	























































































































































































































































































































































































Pathway Function T1 T2 T3 T4 T5 T6 Ave	T Ave	P AveH AveN AveA T<P T<H T<N T<A
deaD;	ATP-dependent	RNA	helicase	DeaD	
[EC:3.6.4.13] 0 0 0 0 0 0 0 0 0 0 0
dnaK;	molecular	chaperone	DnaK
0 0 0 0 0 0 0 0 0 0 0
groEL,	HSPD1;	chaperonin	GroEL
0 0 0 0 0 0 0 0 0 0 0
recQ;	ATP-dependent	DNA	helicase	RecQ	
[EC:3.6.4.12] 0 0 0 0 0 0 0 0 0 0 0
rho;	transcription	termination	factor	Rho
0 0 0 0 0 0 0 0 0 0 0
iscS,	NFS1;	cysteine	desulfurase	
[EC:2.8.1.7] 0 0 0 0 0 0 0 0 0 0 0
moaC;	molybdenum	cofactor	biosynthesis	
protein	C 0 0 0 0 0
MOCS3,	UBA4,	moeB;	adenylyltransferase	




reticulum	ATPase 0 0 0 0 0 0 0 0 0 0 0
dnaG;	DNA	primase	[EC:2.7.7.-]
0 0 0 0 0 0 0 0 0 0 0
DPO1,	polA;	DNA	polymerase	I	[EC:2.7.7.7]
0 0 0 0 0 0 0 0 0 0 0
DPO3G,	dnaX;	DNA	polymerase	III	subunit	
gamma/tau	[EC:2.7.7.7] 0 0 0 0 0 0 0 0 0 0 0
ssb;	single-strand	DNA-binding	protein












subunit	[EC:3.1.11.5] 0 0 0 0 0 0 0 0 0 0 0
rpoBC;	DNA-directed	RNA	polymerase	
subunit	beta-beta'	[EC:2.7.7.6] 0 0 0 0 0 0 0 0 0 0 0
rpoC;	DNA-directed	RNA	polymerase	
subunit	beta'	[EC:2.7.7.6] 0.01 0 0 0 0 0 0 0 0.01 0.01 0
AARS,	alaS;	alanyl-tRNA	synthetase	
[EC:6.1.1.7] 0 0 0 0 0 0 0 0 0 0 0
CARS,	cysS;	cysteinyl-tRNA	synthetase	
[EC:6.1.1.16] 0 0 0 0 0 0 0 0 0 0 0
FARSA,	pheS;	phenylalanyl-tRNA	
synthetase	alpha	chain	[EC:6.1.1.20] 0 0 0 0 0 0 0 0 0 0 0
GARS,	glyS1;	glycyl-tRNA	synthetase	
[EC:6.1.1.14] 0 0 0 0 0 0 0 0 0 0 0
LARS,	leuS;	leucyl-tRNA	synthetase	
[EC:6.1.1.4] 0 0 0 0 0 0 0 0 0 0 0
MARS,	metG;	methionyl-tRNA	synthetase	
[EC:6.1.1.10] 0 0 0 0 0 0 0 0 0 0 0
PARS,	proS;	prolyl-tRNA	synthetase	
[EC:6.1.1.15] 0 0 0 0 0 0 0 0 0 0 0
QARS,	glnS;	glutaminyl-tRNA	synthetase	
[EC:6.1.1.18] 0 0 0 0 0 0 0 0 0 0 0
RARS,	argS;	arginyl-tRNA	synthetase	
[EC:6.1.1.19] 0 0 0 0 0 0 0 0 0 0 0
SARS,	serS;	seryl-tRNA	synthetase	
[EC:6.1.1.11] 0 0 0 0 0 0 0 0 0 0 0
TARS,	thrS;	threonyl-tRNA	synthetase	
[EC:6.1.1.3] 0 0 0 0 0 0 0 0 0 0 0
YARS,	tyrS;	tyrosyl-tRNA	synthetase	
[EC:6.1.1.1] 0 0 0 0 0 0 0 0 0 0 0
RP-L1,	rplA;	large	subunit	ribosomal	
protein	L1 0 0 0 0 0
RP-L11,	rplK;	large	subunit	ribosomal	
protein	L11 0 0 0 0 0
RP-L16,	rplP;	large	subunit	ribosomal	
protein	L16 0 0 0 0 0
RP-L17,	rplQ;	large	subunit	ribosomal	
protein	L17 0 0 0 0 0
RP-L20,	rplT;	large	subunit	ribosomal	
protein	L20 0 0 0 0 0
RP-L22,	rplV;	large	subunit	ribosomal	
protein	L22 0 0 0 0 0
RP-L24,	rplX;	large	subunit	ribosomal	
protein	L24 0 0 0 0 0
RP-L3,	rplC;	large	subunit	ribosomal	
protein	L3 0 0 0 0 0
RP-L35,	rpmI;	large	subunit	ribosomal	
protein	L35 0 0 0 0 0
RP-L4,	rplD;	large	subunit	ribosomal	
protein	L4 0 0 0 0 0
RP-L7,	rplL;	large	subunit	ribosomal	
protein	L7/L12 0 0 0 0 0
RP-S10,	rpsJ;	small	subunit	ribosomal	
protein	S10 0 0 0 0 0
RP-S15,	rpsO;	small	subunit	ribosomal	
protein	S15 0 0 0 0 0
RP-S16,	rpsP;	small	subunit	ribosomal	
protein	S16 0 0 0 0 0
RP-S18,	rpsR;	small	subunit	ribosomal	
protein	S18 0 0 0 0 0
RP-S2,	rpsB;	small	subunit	ribosomal	
protein	S2 0 0 0 0 0
RP-S3,	rpsC;	small	subunit	ribosomal	
protein	S3 0 0 0 0 0 0 0 0 0 0 0
RP-S4,	rpsD;	small	subunit	ribosomal	
protein	S4 0 0 0 0 0 0 0 0 0 0 0
RP-S5,	rpsE;	small	subunit	ribosomal	
protein	S5 0 0 0 0 0
RP-S7,	rpsG;	small	subunit	ribosomal	
protein	S7 0 0 0 0 0
RP-S9,	rpsI;	small	subunit	ribosomal	































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 0 0 0 0 0 0 0 0 0 0
sucC;	succinyl-CoA	synthetase	beta	
subunit	[EC:6.2.1.5] 0 0 0 0 0 0 0 0 0 0 0
E2.2.1.1,	tktA,	tktB;	transketolase	
[EC:2.2.1.1] 0 0 0 0 0 0 0 0 0 0 0
E2.2.1.2,	talA,	talB;	transaldolase	
[EC:2.2.1.2] 0 0 0 0 0 0 0 0 0 0 0
G6PD,	zwf;	glucose-6-phosphate	1-
dehydrogenase	[EC:1.1.1.49] 0 0 0 0 0 0 0 0 0 0 0
rbsK,	RBKS;	ribokinase	[EC:2.7.1.15]
0 0 0 0 0 0 0 0 0 0 0
rpe,	RPE;	ribulose-phosphate	3-epimerase	
[EC:5.1.3.1] 0 0 0 0 0 0 0 0 0 0 0
E2.7.1.17;	xylulokinase	[EC:2.7.1.17]
0 0 0 0 0
UGDH,	ugd;	UDPglucose	6-dehydrogenase	
[EC:1.1.1.22] 0 0 0 0 0 0 0 0 0 0 0
gal;	D-galactose	1-dehydrogenase	
[EC:1.1.1.48] 0 0 0 0 0 0 0 0 0 0 0
galE,	GALE;	UDP-glucose	4-epimerase	












carboxyvinyltransferase	[EC:2.5.1.7] 0 0 0 0 0 0 0 0 0 0 0
E2.3.3.9,	aceB,	glcB;	malate	synthase	
[EC:2.3.3.9] 0 0 0 0 0 0 0 0 0 0 0
ppc;	phosphoenolpyruvate	carboxylase	
[EC:4.1.1.31] 0 0 0 0 0 0 0 0 0 0 0
ppdK;	pyruvate,orthophosphate	dikinase	
[EC:2.7.9.1] 0 0 0 0 0
pps,	ppsA;	pyruvate,	water	dikinase	
[EC:2.7.9.2] 0 0 0 0 0 0 0 0 0 0 0
E1.2.1.2A;	formate	dehydrogenase,	alpha	
subunit	[EC:1.2.1.2] 0 0 0 0 0
gyaR;	glyoxylate	reductase	[EC:1.1.1.26]
0 0 0 0 0 0 0 0 0 0 0
ATPF0A,	atpB;	F-type	H+-transporting	
ATPase	subunit	a	[EC:3.6.3.14] 0 0 0 0 0
ATPF0C,	atpE;	F-type	H+-transporting	
ATPase	subunit	c	[EC:3.6.3.14] 0 0 0 0 0
ATPF1B,	atpD;	F-type	H+-transporting	
ATPase	subunit	beta	[EC:3.6.3.14] 0 0 0 0.01 0 0 0 0 0 0 0
COX11;	cytochrome	c	oxidase	assembly	
protein	subunit	11 0 0 0 0 0 0 0 0 0 0 0
coxA;	cytochrome	c	oxidase	subunit	I	
[EC:1.9.3.1] 0 0 0 0 0 0 0 0 0 0 0
coxC;	cytochrome	c	oxidase	subunit	III	
[EC:1.9.3.1] 0 0 0 0 0 0 0 0 0 0 0
nuoB;	NADH-quinone	oxidoreductase	
subunit	B	[EC:1.6.5.3] 0 0 0 0 0 0 0 0 0 0 0
nuoN;	NADH-quinone	oxidoreductase	
subunit	N	[EC:1.6.5.3] 0 0 0 0 0 0 0 0 0 0 0
ppa;	inorganic	pyrophosphatase	
[EC:3.6.1.1] 0 0 0 0 0 0 0 0 0 0 0
E1.14.13.8;	dimethylaniline	
monooxygenase	(N-oxide	forming)	 0 0 0 0 0
E1.5.1.20,	metF;	
methylenetetrahydrofolate	reductase	 0 0 0 0 0
frmB,	ESD,	fghA;	S-formylglutathione	








0 0 0 0 0 0 0 0 0 0 0
fabB;	3-oxoacyl-[acyl-carrier-protein]	
synthase	I	[EC:2.3.1.41] 0 0 0 0 0 0 0 0 0 0 0
fabF;	3-oxoacyl-[acyl-carrier-protein]	
synthase	II	[EC:2.3.1.179] 0 0 0 0 0 0 0 0 0 0 0
fabG;	3-oxoacyl-[acyl-carrier	protein]	
reductase	[EC:1.1.1.100] 0 0 0 0 0 0 0 0 0 0 0
fabI;	enoyl-[acyl-carrier	protein]	reductase	
I	[EC:1.3.1.9	1.3.1.10] 0 0 0 0 0 0 0 0 0 0 0
fabK;	enoyl-[acyl-carrier	protein]	
















[EC:1.14.19.3] 0 0 0 0 0 0 0 0 0 0 0
ubiB,	aarF;	ubiquinone	biosynthesis	
protein 0 0 0 0 0 0 0 0 0 0 0
ubiE;	ubiquinone/menaquinone	












alpha	[EC:1.6.1.2] 0 0 0 0 0 0 0 0 0 0 0
panB;	3-methyl-2-oxobutanoate	
hydroxymethyltransferase	[EC:2.1.2.11] 0 0 0 0 0 0 0 0 0 0 0
panE,	apbA;	2-dehydropantoate	2-












[EC:1.3.99.23] 0 0 0 0 0 0 0 0 0 0 0
cbiB,	cobD;	adenosylcobinamide-
phosphate	synthase	[EC:6.3.1.10] 0 0 0 0 0 0 0 0 0 0 0
cobP,	cobU;	adenosylcobinamide	kinase	/	
adenosylcobinamide-phosphate	 0 0 0 0 0 0 0 0 0 0 0
cysG;	uroporphyrin-III	C-
methyltransferase	/	precorrin-2	 0 0 0 0 0 0 0 0 0 0 0
E2.4.2.21,	cobU,	cobT;	nicotinate-
nucleotide--dimethylbenzimidazole	 0 0 0 0 0 0 0 0 0 0 0
hemB,	ALAD;	porphobilinogen	synthase	
[EC:4.2.1.24] 0 0 0 0 0 0 0 0 0 0 0
hemE,	UROD;	uroporphyrinogen	
decarboxylase	[EC:4.1.1.37] 0 0 0 0 0 0 0 0 0 0 0
hemF,	CPOX;	coproporphyrinogen	III	




(NADPH)	[EC:1.8.1.9] 0 0 0 0 0
CARP,	pepA;	leucyl	aminopeptidase	
[EC:3.4.11.1] 0 0 0 0 0 0 0 0 0 0 0
E1.8.1.7,	GSR,	gor;	glutathione	reductase	
(NADPH)	[EC:1.8.1.7] 0 0 0 0 0
pepN;	aminopeptidase	N	[EC:3.4.11.2]
0 0 0 0 0 0 0 0 0 0 0
RRM1;	ribonucleoside-diphosphate	
reductase	subunit	M1	[EC:1.17.4.1] 0 0 0 0 0 0 0 0 0 0 0
E2.4.2.7,	apt;	adenine	
phosphoribosyltransferase	[EC:2.4.2.7] 0 0 0 0 0
E2.7.4.3,	adk;	adenylate	kinase	
[EC:2.7.4.3] 0 0 0 0 0
E2.7.4.8,	gmk;	guanylate	kinase	
[EC:2.7.4.8] 0 0 0 0 0 0 0 0 0 0 0
E6.3.5.2,	guaA;	GMP	synthase	(glutamine-
hydrolysing)	[EC:6.3.5.2] 0 0 0 0 0
E6.3.5.3,	purL;	
phosphoribosylformylglycinamidine	 0 0 0 0 0
purC;	phosphoribosylaminoimidazole-
succinocarboxamide	synthase	[EC:6.3.2.6] 0 0 0 0 0 0 0 0 0 0 0
purCD;	fusion	protein	PurCD	[EC:6.3.2.6	
6.3.4.13] 0 0 0 0 0 0 0 0 0 0 0
xdhA;	xanthine	dehydrogenase	small	
subunit	[EC:1.17.1.4] 0 0 0 0 0 0 0 0 0 0 0
comEB;	dCMP	deaminase	[EC:3.5.4.12]
0 0 0 0 0 0 0 0 0 0 0
pyrE;	orotate	phosphoribosyltransferase	
[EC:2.4.2.10] 0 0 0 0 0 0 0 0 0 0 0
pyrF;	orotidine-5'-phosphate	
decarboxylase	[EC:4.1.1.23] 0 0 0 0 0 0 0 0 0 0 0
upp,	UPRT;	uracil	










































































































































































































































































































































































































































































































































































































































































































Pathway Function T1 T2 T3 T4 T5 T6 Ave	T Ave	P AveH AveN AveA T<P T<H T<N T<A
carA,	CPA1;	carbamoyl-phosphate	
synthase	small	subunit	[EC:6.3.5.5] 0 0 0 0 0 0 0 0 0 0 0
carB,	CPA2;	carbamoyl-phosphate	
synthase	large	subunit	[EC:6.3.5.5] 0 0 0 0 0 0 0 0 0 0 0
E1.2.1.16,	gabD;	succinate-semialdehyde	
dehydrogenase	(NADP+)	[EC:1.2.1.16] 0 0 0 0 0
E2.4.2.14,	purF;	
amidophosphoribosyltransferase	 0 0 0 0 0
E2.6.1.16,	glmS;	glucosamine--fructose-6-
phosphate	aminotransferase	(isomerizing)	 0 0 0 0 0
E2.6.1.1A,	aspB;	aspartate	
aminotransferase	[EC:2.6.1.1] 0 0 0 0 0
E4.3.2.2,	purB;	adenylosuccinate	lyase	
[EC:4.3.2.2] 0 0 0 0 0
E6.3.4.5,	argG;	argininosuccinate	synthase	
[EC:6.3.4.5] 0 0 0 0 0
gabT;	4-aminobutyrate	aminotransferase	/	
(S)-3-amino-2-methylpropionate	 0 0 0 0 0 0 0 0 0 0 0
gltB;	glutamate	synthase	(NADPH/NADH)	
large	chain	[EC:1.4.1.13	1.4.1.14] 0 0 0 0 0 0 0 0 0 0 0
gudB,	rocG;	glutamate	dehydrogenase	
[EC:1.4.1.2] 0 0 0 0 0 0 0 0 0 0 0
puuE;	4-aminobutyrate	aminotransferase	
[EC:2.6.1.19] 0 0 0 0 0 0 0 0 0 0 0
betB,	gbsA;	betaine-aldehyde	
dehydrogenase	[EC:1.2.1.8] 0 0 0 0 0 0 0 0 0 0 0
E1.1.1.3;	homoserine	dehydrogenase	
[EC:1.1.1.3] 0 0 0 0 0 0 0 0 0 0 0
E2.7.2.4,	lysC;	aspartate	kinase	
[EC:2.7.2.4] 0 0 0 0 0
E4.3.1.19,	ilvA,	tdcB;	threonine	
dehydratase	[EC:4.3.1.19] 0 0 0 0 0 0 0 0 0 0 0
GLDC,	gcvP;	glycine	dehydrogenase	
[EC:1.4.4.2] 0 0 0 0 0 0 0 0 0 0 0
glyA,	SHMT;	glycine	
hydroxymethyltransferase	[EC:2.1.2.1] 0 0 0 0 0 0 0 0 0 0 0
hprA;	glycerate	dehydrogenase	
[EC:1.1.1.29] 0 0 0 0 0 0 0 0 0 0 0
ltaE;	threonine	aldolase	[EC:4.1.2.5]
0 0 0 0 0 0 0 0 0 0 0
serA,	PHGDH;	D-3-phosphoglycerate	
dehydrogenase	[EC:1.1.1.95] 0 0 0 0 0 0 0 0 0 0 0
serC,	PSAT1;	phosphoserine	
aminotransferase	[EC:2.6.1.52] 0 0 0 0 0 0 0 0 0 0 0
E2.3.1.30,	cysE;	serine	O-acetyltransferase	
[EC:2.3.1.30] 0 0 0 0 0
E2.5.1.16,	SRM,	speE;	spermidine	
synthase	[EC:2.5.1.16] 0 0 0 0 0
E2.5.1.48,	metB;	cystathionine	gamma-
synthase	[EC:2.5.1.48] 0 0 0 0 0
E2.5.1.6,	metK;	S-adenosylmethionine	
synthetase	[EC:2.5.1.6] 0 0 0 0 0
E3.3.1.1,	ahcY;	adenosylhomocysteinase	
[EC:3.3.1.1] 0 0 0 0 0 0 0 0 0 0 0
metC;	cystathionine	beta-lyase	
[EC:4.4.1.8] 0 0 0 0 0 0 0 0 0 0 0
mtnB;	methylthioribulose-1-phosphate	
dehydratase	[EC:4.2.1.109] 0 0 0 0 0 0 0 0 0 0 0
ACADM,	acd;	acyl-CoA	dehydrogenase	
[EC:1.3.8.7] 0 0 0 0 0 0 0 0 0 0 0
E1.2.1.3;	aldehyde	dehydrogenase	(NAD+)	
[EC:1.2.1.3] 0 0 0 0 0 0 0 0 0 0 0
E2.6.1.42,	ilvE;	branched-chain	amino	acid	
aminotransferase	[EC:2.6.1.42] 0 0 0 0 0 0 0 0 0 0 0
fadJ;	3-hydroxyacyl-CoA	dehydrogenase	/	
enoyl-CoA	hydratase	/	3-hydroxybutyryl- 0 0 0 0 0 0 0 0 0 0 0
paaF,	echA;	enoyl-CoA	hydratase	
[EC:4.2.1.17] 0 0 0 0 0 0 0 0 0 0 0.01
PCCB,	pccB;	propionyl-CoA	carboxylase	
beta	chain	[EC:6.4.1.3] 0 0 0 0 0 0 0 0 0 0 0
leuA;	2-isopropylmalate	synthase	
[EC:2.3.3.13] 0 0 0 0 0 0 0 0 0 0 0
dapA;	4-hydroxy-tetrahydrodipicolinate	
synthase	[EC:4.3.3.7] 0 0 0 0 0 0 0 0 0 0 0
dapB;	dihydrodipicolinate	reductase	
[EC:1.3.1.26] 0 0 0 0 0
dapC;	N-succinyldiaminopimelate	
aminotransferase	[EC:2.6.1.17] 0 0 0 0 0 0 0 0 0 0 0
dapF;	diaminopimelate	epimerase	
[EC:5.1.1.7] 0 0 0 0 0 0 0 0 0 0 0
E2.3.3.14;	homocitrate	synthase	
[EC:2.3.3.14] 0 0 0 0 0
dat;	D-alanine	transaminase	[EC:2.6.1.21]
0 0 0 0 0 0 0 0 0 0 0
DLST,	sucB;	2-oxoglutarate	dehydrogenase	
E2	component	(dihydrolipoamide	 0 0 0 0 0 0 0 0 0 0 0
E4.1.1.18,	ldcC,	cadA;	lysine	decarboxylase	
[EC:4.1.1.18] 0 0 0 0 0 0 0 0 0 0 0
E1.14.11.2;	prolyl	4-hydroxylase	
[EC:1.14.11.2] 0 0 0 0 0 0 0 0 0 0 0
E1.5.1.2,	proC;	pyrroline-5-carboxylate	
reductase	[EC:1.5.1.2] 0 0 0 0 0 0 0 0 0 0 0
E2.6.1.13,	rocD;	ornithine--oxo-acid	
transaminase	[EC:2.6.1.13] 0 0 0 0 0 0 0 0 0 0 0
E3.5.1.4,	amiE;	amidase	[EC:3.5.1.4]
0 0 0 0 0 0 0 0 0 0 0
E4.1.1.19A,	adi;	arginine	decarboxylase	
[EC:4.1.1.19] 0 0 0 0 0 0 0 0 0 0 0
nos;	nitric-oxide	synthase,	bacterial	
[EC:1.14.13.39] 0 0 0 0 0 0 0 0 0 0 0
OTC,	argF,	argI;	ornithine	
carbamoyltransferase	[EC:2.1.3.3] 0 0 0 0 0 0 0 0 0 0 0
proA;	glutamate-5-semialdehyde	
dehydrogenase	[EC:1.2.1.41] 0 0 0 0 0 0 0 0 0 0 0
proB;	glutamate	5-kinase	[EC:2.7.2.11]




[EC:3.5.4.19] 0 0 0 0 0 0 0 0 0 0 0
E1.1.1.1,	adh;	alcohol	dehydrogenase	
[EC:1.1.1.1] 0 0 0 0 0 0 0 0 0 0 0
HPD,	hppD;	4-hydroxyphenylpyruvate	




0 0 0 0 0 0 0 0 0 0 0
aroA;	3-phosphoshikimate	1-
carboxyvinyltransferase	[EC:2.5.1.19] 0 0 0 0 0 0 0 0 0 0 0
E2.7.1.71,	aroK,	aroL;	shikimate	kinase	
[EC:2.7.1.71] 0 0 0 0 0 0 0 0 0 0 0
trpC;	indole-3-glycerol	phosphate	
synthase	[EC:4.1.1.48] 0 0 0 0 0 0 0 0 0 0 0
trpG;	anthranilate	synthase	component	II	




0 0 0 0 0 0 0 0 0 0 0
ACSS,	acs;	acetyl-CoA	synthetase	
[EC:6.2.1.1] 0 0 0 0 0 0 0 0 0 0 0
ALDO;	fructose-bisphosphate	aldolase,	
class	I	[EC:4.1.2.13] 0 0 0 0 0 0 0 0 0 0 0
E4.1.1.49,	pckA;	phosphoenolpyruvate	
carboxykinase	(ATP)	[EC:4.1.1.49] 0 0 0 0 0 0 0 0 0 0 0
FBP,	fbp;	fructose-1,6-bisphosphatase	I	
[EC:3.1.3.11] 0 0 0 0 0 0 0 0 0 0 0
GPI,	pgi;	glucose-6-phosphate	isomerase	
[EC:5.3.1.9] 0 0 0 0 0 0 0 0 0 0 0
PGK,	pgk;	phosphoglycerate	kinase	
[EC:2.7.2.3] 0 0 0 0 0 0 0 0 0 0 0
TPI,	tpiA;	triosephosphate	isomerase	































































































































































































































































































































































































































































































2011 0.01 0 0 0 0 3E-05 0.002 7E-04 0.001 8E-04 3E-04
General	secretion	pathway	protein	J gspJ
Somvanshi	et	
al.,	2010 0 1E-05 0 0 0 0 2E-06 3E-06 2E-06 1E-05 0
General	secretion	pathway	protein	L gspL
Kothe	et	al.,	
2003 0 0 0 0 0 0 3E-06 3E-06 2E-06 0 0
Preprotein	translocase	subunit	 secA
Kuhn	et	al.,	
2011 0 0.002 0 1E-03 0.019 0.001 0.004 0.002 0.003 0.003 0.002
Preprotein	translocase	subunit	 secY
Kuhn	et	al.,	

















Izquierdo,	2002 0 0 0 6E-06 0 8E-05 1E-05 7E-04 7E-04 2E-05 0
Thiamine	biosynthesis	ThiG
ko00730	


















































1994 0 0 0 0 6E-05 0 1E-05 5E-04 9E-04 9E-04 0.001
2-dehydropantoate	2-reductase panE,	apbA
Downs	et	al.,	
1994 0 0 0 0 0 6E-05 1E-05 3E-04 2E-04 3E-04 1E-03
Thiamine	biosynthesis	ThiG
ko00730

















































































































































































































































A01 A02 A03 A04 A05 A06 A07 A08 A09 A10 A11
T1
4
A33
2
1
A30
9
8
7
A26
5
4
A23
2
1
20
9
8
7
6
5
4
3
2
1
10
A09
8
7
A06
5
4
03
2
A01
Log10[Data]
-7
-6
-5
-4
-3
-2
-1
Supplementary	Table	3.	Bacterial	functional	genes	that	may	be	essential	to	diatom-bacterial	symbiosis.	Genes	
enriched	in	previous	analysis	relative	to	other	sample	sets	are	highlighted	in	light	grey,	and	in	darker	grey	for	
comparisons	of	Group	1	vs	Group	2.	
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CHAPTER	5:	Conclusions,	key	findings,	and	future	directions	
	
This	dissertation	focuses	on	diatom-bacterial	interactions	in	the	oligotrophic	North	Pacific	Subtropical	Gyre,	
and	investigates	how	the	composition	and	impact	of	diatom-associated	bacteria	are	effected	by	nutrient	
concentrations.	The	findings	and	conclusions	in	this	dissertation	often	differ	from	the	published	literature	on	
diatom-bacterial	interactions.	This	may	be	due	in	part	to	the	differences	in	the	approaches	taken	in	this	study,	
which	emphasized	the	use	of	conditions	that	were	more	representative	of	the	natural	environment.	Chapter	1	
and	2	utilize	a	xenic	model	system	that	was	originally	collected	from	the	oligotrophic	nearshore.	Previously	
reported	culture-based	research	has	often	employed	axenic	hosts.	Although	this	complicates	the	experimental	
setup	(enough	negative	controls,	replicates,	etc),	and	adds	possible	confounding	factors	(bacteria-bacteria	
interactions),	overall	the	results	may	be	more	indicative	of	those	seen	in	a	natural	environment.		
	
	My	Master’s	thesis	and	Chapter	3	explores	samples	taken	directly	from	the	oligotrophic	open	ocean	whereas	
much	of	the	previous	research	has	explored	eutrophic	systems	that	are	dominated	by	the	diatom	in	study.	
Although	diatoms	are	not	as	conspicuously	abundant	in	the	oligotrophic	ocean	as	they	are	in	coastal	waters	
(e.g.	coastal	diatom	blooms),	they	are	disproportionately	important	in	carbon	export	and	sequestration.	The	
present	focus	on	the	oligotrophic	ocean	was	stimulated	by	previous	research	in	coastal	waters	showing	that	
host-associated	bacteria	can	strongly	influence	diatom	growth	and	death.	If	host-associated	bacteria	have	a	
similarly	strong	impact	on	host	processes	in	oligotrophic	systems,	they	may	profoundly	influence	global	carbon	
production	and	sequestration.	These	fundamental	differences	in	approach	are	likely	causes	of	some	of	the	
differences	in	my	results	and	conclusions.		
	
In	the	following	sections,	I	will	return	to	the	questions	posed	in	the	Introduction;	discuss	how	the	results	of	the	
present	work	should	alter	our	view	of	diatom-microbe	interactions;	and	summarize	the	most	interesting	and	
challenging	questions	that	remain,	as	well	as	questions	generated	by	this	dissertation	research.		
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Diatoms	host	a	bacterial	consortium	under	a	variety	of	environmental	conditions		
Early	work	suggested	that	bacteria	were	associated	with	algal	hosts	primarily	during	the	decline	of	the	host,	
and	emphasized	the	importance	of	bacteria	in	the	process	of	remineralization	(Waksman	et	al.,	1933;	Cole,	
1982;	Azam	et	al.,	1983).	Newer	literature	documents	regular	association	of	bacteria	with	diatoms	(Amin	et	al.	
2012,	and	references	therein).	This	dissertation	further	establishes	that	bacterial	consortia	are	attached	to	
diatoms	at	all	stages	of	diatom	growth,	and	that	these	consortia	are	affected	by	host	growth	stage	and	nutrient	
concentrations	(Chapter	1;	Baker	et	al.	2016).	Overall,	the	total	number	of	bacteria	attached	to	a	diatom	
remained	stable	in	a	batch	culture	(Chapter	1;	Baker	et	al.	2016).	The	exception	was	under	high	nutrient	
conditions	during	early	exponential	growth	of	the	diatom	host	(i.e.	similar	to	a	diatom	bloom),	where	the	
number	of	bacteria	per	host	cell	was	higher	than	in	a	low	nutrient	treatment	with	slow	diatom	growth	rates.	
This	result	is	in	striking	contrast	to	a	study	of	bacteria	attached	to	diatoms	during	bloom	conditions	in	an	
upwelling	system,	which	reported	very	few	to	no	attached	bacteria	(Graff	et	al.,	2011).	The	conflicting	results	
suggest	that	comparative	studies	are	needed	in	different	ecosystems	and	under	contrasting	environmental	
conditions.		
	
The	composition	of	host-associated	bacteria	changed	rapidly	in	relative	abundance	in	response	to	abiotic	and	
biotic	stimuli,	in	as	few	as	four	days	(Chapter	1;	Baker	et	al.	2016).	This	implies	that	bacterial	composition	is	not	
static;	it	may	even	be	highly	plastic	and	dependent	on	the	current	environmental	conditions.	Extended	
sampling	periods	may	be	required	to	fully	capture	the	diversity	of	bacteria	associated	with	a	diatom	host.	
Experiments	in	this	dissertation	research	lasted	for	up	to	60	days;	further	research	would	be	needed	to	
understand	temporal	variability	over	shorter	or	longer	timescales	(i.e.	hours	or	months).		
	
The	composition	of	diatom-associated	bacteria	was	sensitive	to	the	concentration	of	nutrients	in	the	media.	
This	complements	our	prior	research	showing	that	the	composition	of	diatom-attached	bacteria	in	an	
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oligotrophic	sample	differed	from	previous	reports	of	eutrophic	systems	(Baker	and	Kemp,	2014).	Much	of	the	
previous	work	in	diatom-bacterial	associations	has	overlooked	oligotrophic	systems.	Arguably,	oligotrophic	
systems	may	require	diatoms	to	be	more	dependent	on	their	bacterial	symbionts	for	necessary	nutrients,	such	
at	B-vitamins	(Croft	et	al.,	2005),	nitrogen	(Suleiman	et	al.,	2016),	and	biologically	available	iron	(Amin	et	al.,	
2009).	I	will	return	to	this	point	in	my	discussion	of	Chapter	3.		
	
This	study	demonstrated	that	the	composition	of	attached	bacterial	can	shift	in	response	to	host	growth	and	
decline	as	well	as	in	response	to	host	cell	lysis	(Chapter	1,	Baker	et	al.	2016).	This	agrees	with	prior	research	
showing	that	bacterial	composition	shifts	in	response	to	bloom	and	bust	conditions	(Buchan	et	al.	2014,	and	
references	therein).	In	the	present	study,	the	chosen	methods	captured	both	intact	and	lysed	particulate	
matter	derived	from	diatom	hosts.	Further	study	of	how	attached	bacterial	populations	respond	to	host	lysis	
would	benefit	from	separating	out	the	live	and	particulate	matter.	Additionally,	being	able	to	track	how	the	
free-living	bacteria	responds	to	similar	stimuli	would	facilitate	exploration	of	how	these	populations	are	
influenced	by	growth	with	a	diatom	host.		
	
Within	a	culture,	bacteria	influence	the	attached	bacterial	consortia	as	well	as	the	host	trajectory	
Marine	bacteria	have	been	shown	to	compete	for	resources	and	space	(Barja	et	al.,	1989;	Yan	et	al.,	2002;	
Hibbing	et	al.,	2010),	suggesting	that	competition	may	influence	which	bacteria	are	able	to	colonize	a	diatom	
host.	Interestingly,	bacterial	interactions	significantly	impacted	the	composition	of	host-associated	bacteria	
(Chapter	1;	Baker	et	al.	2016,	from	general	linear	modeling	results).	In	surface	colonization	competition	studies	
using	unidentified	isolates	derived	from	the	diatom	host	culture,	none	of	the	strains	competed	for	space	with	
other	strains	on	a	high	nutrient	surface	(marine	agar).	However,	I	did	not	attempt	an	exhaustive	study	of	all	
bacteria	associated	with	the	host	diatom;	similar	studies	with	less	dominant	bacterial	genera	may	still	result	in	
some	phylotypes	found	to	be	capable	of	competing	with	the	other	isolates.	It	is	also	possible	that	the	
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competition	is	less	direct	(e.g.	metabolic	interference,	quorum	sensing	affects	on	nonspecific	bacteria),	or	that	
interactions	may	have	been	the	result	of	positive	interactions	between	attached	bacteria	(co-metabolism,	etc).		
	
Diatoms	grown	with	their	bacterial	consortia	are	impacted	by	the	addition	of	bacterial	inoculum	to	the	co-
culture.	In	Chapter	2,	adding	Marinobacter	or	Alteromonas	strains	had	long-term	effects	on	the	host	culture’s	
trajectory	(growth,	carrying	capacity,	and	decline).	Surprisingly,	Alteromonas	did	not	demonstrate	consistently	
parasitic	host	interactions	(Kim	et	al.,	1999;	Cottrell	et	al.,	2000)	and	Marinobacter	did	not	demonstrate	
consistently	mutualistic	host	interactions	(S.	a	Amin	et	al.,	2012)	as	predicted	from	previous	research.	Instead,	
inoculations	with	Marinobacter	strains	had	a	similarly	negative	impact	on	host	growth	and	decline	as	
inoculations	with	Alteromonas.	Other	studies	of	diatom-bacterial	interactions	using	a	diatom-Marinobacter	
model	were	unable	to	substantiate	a	mutualistic	relationship	through	the	analysis	of	proteasome	of	the	
bacteria	and	the	diatom	(Stahl	and	Ullrich,	2016).	It	is	possible	that	only	some	Marinobacter	are	inclined	
towards	mutualism,	or	that	previously	reported	potential	mutualistic	effects	were	not	enough	to	result	in	
significant	differences	in	the	host's	growth	trajectory.		
		
Host	diatoms	are	impacted	differently	by	the	addition	of	bacterial	inocula.	Inoculation	with	bacteria	had	very	
little	impact	on	the	origin	host	and	a	more	distantly	related	naïve	host,	and	the	greatest	impact	on	a	naïve	host	
of	the	same	genus	as	the	origin	host.	This	occurred	even	though	the	naïve	host	supported	Alteromonas	
phylotypes	similar	to	those	used	in	the	bacterial	inocula.	Although	multiple	host	cells	support	similar	
phylotypes	(S.	Amin	et	al.,	2012),	similar	phylotypes	may	differ	in	their	interactions	with	their	host.	
Additionally,	similar	phylotypes	isolated	from	the	same	host	cell	affected	the	growth,	carrying	capacity,	and	
decline	of	host	cells	to	different	extents,	again	suggesting	that	similar	phylotypes	can	differ	in	their	interaction	
with	host	cells.	A	logical	next	step	for	phylogeny-based	studies	of	the	microbiomes	of	host	cells	is	to	examine	
differences	in	functional	capacities,	even	of	closely	related	bacteria	as	was	performed	in	Chapter	3.		
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High	vitamin	concentrations	mediates	the	effect	of	bacterial	inoculations	on	naïve	host	cells	
Vitamin	concentration	in	the	culture	medium	did	not	always	modify	the	effects	of	bacterial	additions	(Chapter	
2);	however,	when	vitamin	concentrations	did	have	an	effect,	all	significantly	negative	effects	of	bacterial	
additions	were	observed	in	vitamin	deplete	media,	and	all	positive	effects	of	bacterial	additions	were	observed	
in	vitamin	replete	media.	This	was	most	evident	for	the	growth	and	decline	of	the	closely	related	naïve	host,	
where	the	impact	of	bacterial	inoculation	shifts	from	significantly	positive	to	significantly	negative	for	3	of	the	5	
bacterial	strains	evaluated	(Chapter	2,	Table	2B,	diatom	KBDT32),	depending	on	vitamin	concentration	in	the	
media.	Previous	studies	of	bacterial-host	interactions	have	shown	that	the	impact	of	adding	bacteria	can	be	
modified	by	the	degree	of	host	cell	stress	(Seyedsayamdost	et	al.,	2011).	It	is	possible	that	in	the	presence	of	
added	vitamins,	the	bacteria	can	more	efficiently	consume	diatom	exudates.	Because	increased	concentrations	
of	diatom	exudates	has	been	linked	to	multiple	negative	outcomes	for	the	host	cell	(Kahl	et	al.,	2008),	an	
increased	capacity	to	consume	these	exudates	may	lead	to	increased	host	health.	These	results	suggest	that	
the	bacterial	relationship	with	a	host	cell	may	depend	upon	host	and/or	environmental	stressors.	Exploring	
possible	triggers	for	shifts	in	the	bacteria-host	relationship,	and	examining	the	specific	mechanisms	of	
interaction	would	be	an	exciting	next	step.		
	
Phylogenetically	distinguishable	diatom-attached	bacterial	consortia	have	similar	but	not	identical	functional	
capacities	
Diatom-associated	bacterial	consortia	were	previously	divided	into	three	groups	based	on	phylogenetic	
differences	(Baker	and	Kemp,	2014).	Analysis	of	the	general	functional	pathways	did	not	support	a	conclusion	
that	broad	functional	differences	exist	between	these	groups	(Chapter	3).	However,	significant	differences	
were	observed	in	the	frequency	of	occurrence	of	some	individual	functional	genes	that	suggest	Group	2,	
dominated	by	Arthrobacter,	may	have	greater	growth	and	metabolic	capacities	than	Group	1,	the	more	diverse	
group.	It	is	possible	that	the	dominance	of	Arthrobacter	in	Group	2	may	result	from	rapid	growth	after	
colonization;	i.e.	Arthrobacter	may	dominate	by	virtue	of	outgrowing	other	colonists.	Additional	studies	would	
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be	required	to	test	this	interesting	possibility,	and	to	assess	whether	broad	categories	of	microbiomes	exist	
with	different	functional	capacities,	different	interactions	with	their	hosts,	and/or	different	propensities	to	
colonize	a	host.	
	
Thalassiosira-associated	bacteria	isolated	from	the	oligotrophic	open	ocean	are	commensal	symbionts	
Bacteria	attached	to	Thalassiosira	appear	to	have	some	adaptations	to	relatively	rapid	consumption	of	carbon	
(such	as	diatom	exudates)	and	an	enhanced	growth	rate,	relative	to	the	functional	capacities	of	
bacterioplankton	and	plastic-associated	bacteria.	This	was	particularly	evident	in	Group	2,	dominated	by	
Arthrobacter.	Although	parasitism	or	mutualism	have	been	suggested	in	published	studies	of	diatoms	and	
bacteria	in	culture,	genetic	indicators	for	either	parasitism	or	mutualism	were	generally	absent	in	the	
Thalassiosira-associated	bacterial	metagenome.	Genes	that	were	involved	in	establishing	an	association	with	
the	host	cell	(such	as	motility,	quorum	sensing,	and	making	an	attachment	structure)	were	present,	but	did	not	
include	all	genes	from	that	pathway.		
	
A	priori,	we	had	speculated	that	our	diatom	host	might	be	more	dependent	on	its	bacterial	associates	for	
limited	nutrients,	such	as	vitamin	B12	and	biologically	available	iron	(Croft	et	al.,	2006;	Amin	and	Green,	2009),	
in	an	oligotrophic	system.	It	is	possible	that	the	amplification	(MDA)	and	sequencing	(400X	MiSeq)	methods	
may	have	resulted	in	underrepresentation	of	some	genes.	In	addition,	it	is	possible	that	the	functional	genes	
that	were	detected	in	this	study	have	some	mutualistic	or	parasitic	function	that	has	yet	to	be	discovered.	
Within	the	KEGG	database,	individual	genes	are	often	assigned	to	and	function	in	multiple	pathways.	With	
previous	culture-based	studies	focusing	on	axenic	and	eutrophic	systems,	it	is	possible	genes	that	are	
important	to	xenic	or	oligotrophic	samples	are	poorly	represented	in	the	KEGG	database.	Utilizing	xenic	and/or	
oligotrophic	samples	holds	great	promise	for	learning	further	functions	of	previously	identified	genes	and/or	
discovering	new	genes	important	to	diatom-bacterial	interactions.		
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It	is	also	possible	that	this	single	“snap	shot”	of	diatom	microbiomes	did	not	contain	genes	that	were	indicative	
of	mutualism	or	parasitism.	However,	the	bacteria	attached	to	a	diatom	are	not	a	static	population	(Chapter	1);	
moreover,	even	if	bacterial	taxa	(detected	using	16S	rDNA)	do	not	noticeably	change,	there	is	a	possibility	that	
the	host	cell	will	be	impacted	differently	by	different	strains	of	the	same	phylotype	colonizing	the	host’s	
surface.	This	implies	that	future	research	on	diatom-bacterial	interactions	should	not	only	focus	on	
observations	of	functions	(through	transcriptomics	or	proteomics),	but	should	occur	over	the	course	of	over	a	
time	course	long	enough	to	observe	changes	in	this	interaction.		
	
Key	findings	and	future	directions		
Overall,	I	found	that	diatoms	affect	and	are	affected	by	their	associated	bacteria,	but	that	previously	reported	
modes	of	diatom-bacterial	interactions	were	mostly	absent	from	my	single-cell	analyses.	Diatom-bacterial	
interactions	are	dynamic	(Chapter	1)	and	responsive	to	external	(environmental)	(Chapter	1)	as	well	as	internal	
(host	or	bacterial)	(Chapter	1	&	2)	cues.	On	single	cells,	the	interaction	between	diatoms	and	bacteria	was	most	
likely	commensal	(Chapter	3).	This	implies	that	if	mutualistic	or	parasitic	bacteria	occur	on	diatoms,	they	are	
not	always	present	on	single	cells.	However,	these	results	do	not	preclude	finding	such	pathways	using	
population-level	studies	or	even	a	greater	number	of	single-cells	explored	during	a	longer	time	period	(weeks-
months).		
	
This	dissertation	also	suggests	that	the	composition	of	bacteria	attached	to	host	cells	is	responsive	to	the	
concentration	of	macronutrients	(Chapter	1)	and	that	the	impact	of	bacteria	on	a	host	cell	is	responsive	to	
micronutrients	(Chapter	2).	Additionally,	different	hosts	are	impacted	differently	by	inoculation	with	a	single	
bacterial	strain	(Chapter	2).	This	suggests	that	the	genes	that	were	previously	thought	indicative	of	symbiotic	
interactions	may	only	be	expressed	under	specific	environmental	conditions	and	may	only	impact	a	subset	of	
responsive	diatom	hosts.	This	advocates	for	further	study	of	diatom-bacterial	interaction	in	nutrient	limited	
systems.	Moreover,	further	study	of	bacteria	and	diatoms	in	oligotrophic	systems	may	lead	to	the	discovery	of	
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genes	that	have	functions	similar	to	those	previously	researched	(nutrient	production	or	algicidal	pathways)	or	
novel	functions	involved	in	the	interaction	between	diatoms	and	their	attached	bacteria.		
	
In	closing,	this	dissertation	was	an	initial	exploration	of	the	relationship	between	bacteria	and	diatoms	in	an	
oligotrophic	system,	or	in	xenic	cultures.	I	hope	it	has	impressed	upon	the	reader	the	role	that	nutrients	play	in	
determining	bacterial	associations	as	well	as	the	importance	of	exploring	the	bacterial	consortia	(as	well	as	
individual	strains).	I	look	forward	to	future	exploration	of	microbe-microbe	symbiosis	in	oligotrophic	systems	
and	xenic	cultures,	as	the	importance	of	this	interaction	becomes	an	increasingly	intriguing	and	accessible	area	
of	study	to	oceanographers	around	the	world.		
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